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Demo Objective

Define a system of systems that detects and communicates the existence of wildfires in
"real time"
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Demo Agenda

1. DME Models - Review the STK, ANSYS, Excel, and Cameo models

2. Integrate DME Models - Integrate DME models into ModelCenter workflow

3. Integrate MBSE Model - Connect ModelCenter workflow to Cameo SysML model
4. Increase Model Fidelity - Increase the fidelity of the antenna pattern for STK

5. Requirement Changes - Handle requirement changes to the SysML model

Y \NSYS | ModelCenter






The Mission

e Detect and Communicate Wildfires
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Detecting Wildfires

* Sensing Constellation

(%) National Interagency Fire Center

Incident

® 4 ~
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Communications

i Relay Constellation Rcvd. - Frequency (GHz): 2.200

Prop Loss (dB): 169.0655
C/No (dB*MHz): 29.533652
BER: 1.556767e-26
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Mission Requirements

1. The sensing system shall collect imagery with a ground sample distance less than
10 meters in order to detect any wildfire in North America greater than 2 acres

2. The communications system shall provide link availability with less than 7.5%
outage which corresponds roughly to one orbital period per day

3. Overall system revisit time shall be less than 4 hours to support an adequate
response time

4. Total cost shall be less than $130 million
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Sensor Catalog Spreadsheet

1 |Sensor Option Sensor B
2 |Detector Pitch  9.35E-07 m Sensor Cost
3 |Focal Length 0.17 m —
4 |Sensor Cost 33837.04 S
5| 100000.00
6 jSENSOR CATALOG
7§ ;Sensor Option  Focal Length (m) Detector Pitch (m) Cost () 20000.00
8 _ESensorA 0.061 4.03E-07 62565.71
9 |Sensor B 0.168 9.35E-07 33837.04 60000.00
10 _;SensorC 0.267 2.21E-07 99728.81
11 |Sensor D 0.286 9.79E-07 34021.74 AG0CO:0
12 jSEnsor E 0.068 2.89E-07 80302.79
13 |sensor F 0.088 8.68F-07 35298.34 2aoneo
14 |Sensor G 0.199 5.19E-07 52552.36 i
15 jSensor H 0.110 8.17e-07 37019.14 Sensor A Sensor B SensorC  SensorD  SensorE  SensorF Sensor G Sensor H
16
17 |
18 Focal Length Detector Pitch
19 0350 1.20E-06
20|
21 | 0300 1.00E-06
22 | 0250
23 8.00E-07
24 | 0.200
6.00E-07
25| 0.150
2] 4.00E-07
27 0.100
28 | Yot 2.00E-07
30 0.000 0.00E+00
31 Sensor A SensorB  SensorC  SensorD  SensorE  SensorF Sensor G Sensor H Sensor A SensorB SensorC SensorD SensorE SensorF  Sensor G Sensor H
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Modeling the Antenna

HFSS ~ | |Add Antenna

- Antenna Type

» Bowtie

» Conical Spiral

¥ Custom

~ Dipole
Planar Dipole
Wire Dipole

~ Helix
Axial Mode
Axial Mode - Continuous Taper
Normal Mode
Quadifilar - Open
CQuadrifilar - Short

» Hom

» Log Periodic

» Mise

¥ Monopele

» FIFA

» Patch Antenna

¥ Planarspiral

» Reflector

» SlatAntenna

b Vivaldi Antenna

» Waveguide

b Yagi-Uda

Personallib
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= HFSS Antenna‘Toolkit

* Seftings - Quadrifilar - Short
Center Frequency [GHZ 2.2
Outer Boundary Radiation

Huygens Box

~ Antenna Dimensions

Helix Diameter fem] 2212
Helix Spacing [om] 10.805
Wire Diameter [cm] 0.636
Number of Tums: 05

Direction (0-Lef, 1-Right) | 1

* Feed Dimensions
Port Height [cm] | 0.136

Help

Name: Quadrifilar - Short

Helix Digmeter

Helx Height =
Helix Spacing
*Number of
Tums
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Transient Thermal Analysis of Satellite
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Layered Constellation Cost Spreadsheet
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Satellite Cost Analysis
Comms Sensing
Cost per Satellite: $580,000 $420,000
Launch Cost: $50,248,025 $42,781,925
Payload Cost: $101,306 $33,837
Number of Sats: 48 9
TOTAL COST: | $129,817,150
Comms Launch Cost Sensing Launch Cost
Semi Major Axis (km) : 8378.14 $22,000,140 Semi Major Axis (km) : 7378.14 $16,400,140
Inclination (deg): 45 51,650,000 Inclination (deg): 98.1 55,359,200
Overhead: $20,000,000 Overhead: 515,400,000
Maneuver Cost: $6,597,885.00 Maneuver Cost: $5,622,585.00
| LAUNCH COST: | $50,248,025 | LAUNCH COST: | $42,781,925
Comms Payload Cost Estimate Sensing Payload Cost Estimate
| PAYLOAD COST: | $33,837
Beamwidth(deg) 55 516,806
Power (W): 3 567,500
Overhead: $17,000
| PAYLOAD COST: | $101,306
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Cameo SysML Model

\ . :
bold [Paciage] Stuciure | Stucture J req [Package] Requirements [ Requirements ])

«blockn
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Total Cost - Real = 129817150
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Semi Major Axis Resl= 8378 14 Semi Major Axis - Real 737814 Text = "The total Text = "Overall system revisit
Incli Real=45 Incl Real=93.1 : :
S:rg‘::iugysISmOulages Real = 058 grcu‘zz:;ggam;gmstance Real=9.05 Cﬂﬂﬂtenatlﬂﬂ cast Shall bE fime Ehall be I'ESS than 4
Launch Cost : Real = 50248025 Launch Cost : Real = 42781925 A, = =
less than $130 million hours
communications Satellte | 1..* sensing Satellite [ 1.7
ablocks ablocks
Communications Satellite Sensing Satellite
Eieciiy Rl =0.45 Satelits Gost - Real = 420000
Temperature - Real=24 5 p -
leat Flux - Real=10118
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T — Text = "The sensing system Text = "The communications
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(8] Pitch : Real = 9.35E7 " "
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Payload Cost - Real = 33837
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* ModelCenter Integrate

ModelCenter® Integrate - Automate
DRIVES PRODUCTIVITY - Integrate
Accurately execute more simulations - TO Create d WO rkﬂOW

in less time, with fewer resources »
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I ModelCenter Wildfire Workflow

|vaie
354083

$129,817,150
9.05252
5.80%
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Automating with ModelCenter

Black Box
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Automating with ModelCenter

Server Browser q
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Demo: Automating Excel
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Demo: Automating STK
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Automating File I/0

Input file Output file
W1 1200.0 Executable Ul 6.311724e-001
W2 800.0 U2 4.976552e-001
length 216.0 C 3.125000e+003
Defl.exe
Defl.in Defl.out

C:\>"C:\Users\sjohnson\Documents\PHX Trainings\Defl.exe” -i Defl.in -o Defl.out
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Automating ANSYS (File 1/0)

Input File Output File

m Tharmall - Workbench
2N vev Toss Uws  Eencons b hep
] hew Ciri#h
B Ooen.. Cirl40
: <ol Lol fate Al Design Points | B8 ACT Start Page
= bt I |
< Executable
e
o s o 8 1 P - | p1-
- - - :_—lc
12 w A 2 i Ergnestng Data v 3 | oPofouren) | 0.7 P, P
: » a3 [ eomry . | ' |4 coor
"] 4| mode =y W kb h Show Update Order
-4 (L orkbenc
L 5 | seum il Set Update Order by Row
et 6 G Solution - Opteze Update Order
B e 7| @ Reands v, < ® Sctescure
42 Oupicate Design Pont
g Export Selected Design Ponts
LY. WHEYS AutomationThermal Lwbol o Commrc Widew. 7 Updste Selected Desion Ponts
201, \WNSYS Automabon PlotStudy_Jones_2019 (1) oz vy 1CHL. AANSYS AutomatonThermal 3 wiin |4 Export Table Dota as CSV |
Bt G4 2L NANSTS Webna ARSYS RF_Thermal ModelingThermal3.whin e
| Bt Y R FE:) . NANSTS Webinar \AMNSYS FIF_Thermal Modeling [Thermal2 whin
- e I e ]
Ll stonnon am | | _ —

"

C:\>"C:\Program Files\ANSYS Inc\v193\Framework\bin\Win64\runwb2" -F Thermall.wbpj -B -R Thermal3.wbjn
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Automating ANSYS

Add one or more

B3 QuickWrap 13.1 - ANSYS Add Ian‘It ﬁles
File View Wrapper Help
SEE P
wrapper
Click to add variable QOick Start...
& J input files...
General [l Execute
Author:
Description:
Requirements:
rsio
Icon
P& Wrapper View

— Add output files

l

2R Add one or more
output files...

) Script View

—| Add executable files F——

/

™ Specify a program to
j run...

Test the model

//

TestRun...
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Demo: Automating ANSYS

% Phoenix Integration ModelCenter 13.1 - [new Model*] - [Model (Analysis View)] [ @ — ] X
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Demo: Automating Scripts
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Demo: Executing the Wildfire Workflow

UK. > == @
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Connect ModelCenter
workflow to Cameo SysML
model

Ansys



MBSE in a Nutshell
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* ModelCenter MBSE

- Integrate Systems
lntegratg your SrysMLrarchitectgral E ngi n ee ring M O d e | S Wlth
model with engineering analysis tools » Ana lvt i ca l M Od e | 5.
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ModelCenter® MBSE

ENABLES MBSE




System Model

© 2021 Phoenix Integration, Inc. / An Ansys Company

Descriptive
Behavior
Requirements
Structure

Dynamic, Low to High-Fidelity
Models

* Behavior Simulation

* Requirements Verification

ModelCenter®

ade Studies

\I\/IodeICenter® MBSE
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Mechanical
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Simulation

(0: [&]

Manufacturing
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ModelCenter MBSE

[ ]
[— N o . |Nar Valy )
e | itmospherioConditions - height 10
L m;f[i::lm o width 50
aroenipressure o 3
82 Analysis Editor
=) Analysis Selection
L Analysis Type:  Analysis Server -~
Server Address:  aserv://localhost Connect | - Parallall
Current Path:  as u
[ server Browser | l
- | 4 (85 asenvi//localhost | -
—— =) Map Analysis Variables - - # @
[ Systems Model Structure i_ Requirements List ‘ Analysis Variables | ‘-—“‘-““-Mm‘\l
Name Type Name Type . = {
@ specific thrust Real 4 I calc_SpecificThrust 1 E i
= atmospheric Conditic — nozzle_vel Real I yieldTester =
H turbine = BPR Real el LR
H nozzle = fan_Exit_Vel Real
> fuel heating value Real @ Mach Real
4 Mach number Real = gamma Real
@ thrust Real = R Real
@ mass flow rate Real = Ta Real
@ fan bypass ratio Real =1 fuelRatio Real
= fan e specific_Thrust Real
= burner
= compressor
H LPcompressor
@ thrust specific fuel co  Real
3 Turbine
(53 compressor
= Burner
4 (J Atmospheric Condition
@ ambient temperature Real
necific haat rati Eeal
+ Requirements Details
Anazlysis Name:  calc_SpecificThrust
[oex | Cancel

© 2021 Phoenix Integration, Inc. / An Ansys Company
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ModelCenter MBSE

: Systems model = | TYNew~ | MlSave~™ | P aun X Cancel | P Undo CRedo | T Export Execution Plan.. | b Save baseline values 2B Save design instance
;ulk-\pace Explorer | f\j Exgcution Plan 1* X | El Execution Resul..* X | Bl Bxecution Resul..” X | B Execution Resul.” X Systems Model Structure
[ Execution Plan 17 | : - =} DI} Data
Results Completed: 5/8/2019 8:51:33 AM
Execution Result 1* 2
MName Initial Value Value  Change Delta Defta %
=]l Execution Result 2+ |
—_ 4 [§ pata
=] Execution Result 3*
A o0 Structure
| 403 pad
== @ heat 24704 50,754 ¥+ 1.95 3.7037
== 4 surfacedrea 6.0000 9.000:0 L 3.0¢ 50.00C
e 3.0000 3.0000 = 00 00
= @ life 36016 56102 + 200 55.76%
v @ brakeMU 0.B0000 0.80000 = 00 00
== @ effectiveRadius  4.5000 4.0000 ¢ 050 11.111
e centerLength 3.0000 3.0000 = 00 00 . . |
== 4 thickness 027500 027500 = 00 AGKYSES UL
4 (33 Caliper ' pad
«= @ normalForee 1687.1 1687.1 = 00 00 & hemverification
4 T Brake
== @ torque 50614 445391 + 562 11111 §
1 a C] Rotor 1
= @ od 11.000 11.000 = o0 00
4 TI&'
= diameater 22.000 22,000 = 00 00
4 7 Vehicle
=o 4 speed 65.000 65.000 = o0 00
LY
| Requirements List
Design instance saved. B 6 Rotor Diameter
| 8 7 Pad Width
| Requirements — : 1| @ & Pad Center Length
Mame Satisfied Margin B 5 Tires
& 2 Brake Heating o 2.2480 8 4 vehicle Weight
B8 1 Stopping Distance
1 B 3 Ruake Heatinn
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Demo: Integrating SysML wi

B MagicDraw 19.0 - LayeredConstellation.mdzip [CAAGI DME\Workshop\Analyses\Cameo\]
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Y Launch Cost - Real=
3 —
Zoom | [Z) Documentation | [=] Properties nckance =
2 8x |
= [Port
P| Proxy Port
r i communications Satelite [1.* sensing Satelite1.*
TE] Full Port «blacks «blocks
/| Link Communications Satellite Sensing Satellite
= Aot ick Emissnity  Real = Satelite Cost - Real
/" Directed Assodl... ~ Temperature - Rea
, Heat Flux : Real = 186
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o
= o Directad Compo... ~ ——
" Generalization
%5 Ttem Flow
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-
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Antenna L Sensor
Temperature - Rea |Sensar Option =
[ R ] h - Rea
9 Notification Window R Re B e
Notification Window: o8 Cone Angle | Real
& A 53 Payload Cost - Real T
xR P o
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Installed Performance: Capturing the Cubesat Interaction

& 1Fss Antenna®Toolkit Ansys ey

-

0 100 200 (mm)
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Handle requirements
changes in the SysML
model

Ansys



Mission Requirements Change

1. The sensing system shall collect imagery with a ground sample distance less than 6
meters in order to detect any wildfire in North America greater than 1 acre

2. The communications system shall provide link availability with less than 7.5%
outage which corresponds roughly to one orbital period per day

3. Overall system revisit time shall be less than 4 hours to support an adequate
response time

4. Total cost shall be less than $130 million
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Design Exploration in ModelCenter MBSE
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Demo: Handling Requirement Changes
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Demo Summary
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Digital Mission Engineering Case Study -
lied-simulation-osiris-rex-mission-lockheed-martin-space
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The OSIRIS-REx spacecraft had a successful rendezvous with the asteroid Bennu!
The spacecraft's robotic arm briefly touched the asteroid, deployed nitrogen to
collect a pristine sample, and successfully backed away from the asteroid. In the
coming weeks, we'll learn whether or not the attempted sample collection was a

success, but this was certainly a significant milestone to reach — especially at 207
million miles away from Earth. Congratulations to the team! #ToBennuAndBack
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SIMULATION PROCESS OVERVIEW
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Integrated Model Framework Example NORTHROP GRUMMAN
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